The objective of this research is to assess the relevance of trade dynamics in moderating the effect of foreign investment on productivity dynamics in Sub-Saharan Africa. The study is tailored within the context of a simultaneous hypothesis such that foreign direct investment (FDI) is complemented with dynamics of trade to influence productivity. Accordingly, it is an improved framing of the Rajan and Zingales (2003) position that concurrent opening of trade and capital accounts will lead to greater output in a domestic economy. Moreover, the problem statement underlying this exposition is motivated within the broader context of: (i) debates in the contemporary literature on the relevance of total factor productivity (TFP) and (ii) gaps in the attendant literature. These motivational elements are expanded in the following passages.
Asongu
. Among conflicting perspectives, a debate that is worth mentioning is one that centres on factor accumulation and TFP. One group, building on examples and success stories of East Asia posit that the relevance for factor accumulation is higher compared to TFP in the prosperity of nations (Young 1995; Asongu 2017) . Conversely, another group of authors is of the perspective that, cross-country differences in economic outcomes are significantly traceable to disparities or variations in cross-country levels of TFP (Abramovitz 1986; Romer 1986 Romer , 1993 Klenow and Rodriguez-Clare 1997; Temple 1999; Nelson and Howard Pack 1999; Easterly and Levine 2001; Durlauf et al. 2005) . As maintained by Devarajan et al. (2003) , the African poverty tragedy is accounted for more, by low TFP than it is by investment levels. The authors caution on the importance of prioritizing TFP in place of investments in order to lift the continent out of poverty. This research contributes to the growing debate by assessing how trade openness can modulate FDI to influence TFP dynamics in Sub-Saharan Africa (SSA). This positioning is also buttressed by a corresponding gap in the scholarly literature.
Second, to the best of our knowledge, scholarship on the main variables of interest in the study can be engaged in two main strands, pertaining to TFP-and FDI-centric studies. The first on TFP-oriented scholarship has fundamentally focused on, inter alia: gender disparities and labour supply in SSA (Elu and Price 2017) ; the rate of child labour and schooling features (Ahouakan and Diene 2017) ; linkages between manufacturing and exports (Cisse 2017) ; examinations of nexuses between manufacturing firms and TFP within the framework of variations of productivity prosperity across sectors in the manufacturing industry (Kreuser and Newman 2018) and the importance of information technology in TFP convergence (Maryam and Jehan 2018) . The second pertaining to FDI-centric research includes: regional income convergence and FDI (Dunne and Nicholas Masiyandima 2017) ; how portfolios in Africa's economic sectors are influenced by more globalized sectors (Boamah 2017) ; nexuses between concepts underlying equity, bonds, institutional debts and economic prosperity (Fanta and Makina 2017) ; modelling output gaps in view of future economic prosperity (Fedderke and Mengisteab 2017) and how value chains are relevant in boosting the influence on economic growth and TFP (Meniago and Asongu 2019) .
The study that is closest to the present exposition is Sakyi and Egyir (2017) which has focused on the simultaneous openness hypothesis with particular emphasis on interactions between trade openness and FDI for economic growth in the continent of Africa. The authors assess the hypothesis that positive ramifications in terms of economic growth can be derived from interactions between exports and FDI. The geographical and temporal scopes are, respectively, 45 African countries and the period spanning from 1990 to 2014. Using the Generalized Method of Moments (i.e. GMM), the findings reached by the authors support the tested hypothesis.
This study steers clear of Sakyi and Egyir (2017) from a number of fronts. (i) Within a methodological perspective, this research adopts the GMM option that is based on forward orthogonal deviations because compared to the system GMM option used by the underlying study, the approach adopted in this research has been documented to produce more reliable estimated coefficients because, it among others, diminishes instrument proliferation which has been established to bias estimated coefficients in the attendant contemporary GMM-centric literature (Meniago and Asongu, 2018; Tchamyou et al. 2019; Tchamyou 2020) . For instance, the information criteria disclosed by the underlying study does not provide insights into this concern of instrument proliferation because the number of instruments and corresponding number countries are not disclosed for each specification, to enable an examination of whether specifications are biased by the presence of instrument proliferation. (ii) Instead of focusing on economic growth, this research is concerned with TFP dynamics. (iii) Contrary to the assessment of the tested simultaneous openness hypothesis on the premise of marginal, interactive or conditional effects, this research considers net effects (constituting both the conditional and unconditional effects) as an information criterion in the assessment of the simultaneous openness hypothesis. In essence, as emphasized by Brambor et al. (2006) on the setbacks of interactive specifications, both the conditional and unconditional impacts are relevant for the assessment of how the modulating variables interact with the main independent variable of interest to influence the outcome variable. This conception and understanding of the relevance of net effects in interactive regressions is consistent with the attendant contemporary literature on interactive specifications (Tchamyou and Asongu 2017; Agoba et al. 2020; Tchamyou 2019) .
(iv) This research also takes on board some prevailing concerns pertaining to Sustainable Development Goals (SDGs) which are quite imperative in the post-2015 development agenda. Accordingly, departing from the strand of TFP literature which has fundamentally been based on one indicator of TFP, this research is consistent with concerns of inclusive productivity and output by adopting inclusive TFP measurements to complement the mainstream TFP indicator, namely: real TFP, welfare TFP and real welfare TFP. Hence, it also departs from Asongu et al. (2020) by focusing on TFP instead of economic growth dynamics.
The remainder of the study is structured as follows. This introduction is followed by a section on theoretical underpinnings surrounding, on the one hand, the role of openness in economic development and on the other, the importance of FDI in TFP. A section covering the data and methodology comes after these theoretical insights, followed by an empirical results section in which the findings are presented and discussed. The study concludes in the last section with implications and future research directions.
Theoretical underpinnings

Globalization and economic development
The nexus between globalization and economic development is clarified by two main theoretical schools of thought, namely: the hegemonic and the neoliberal paradigms of economic thought (Tsai 2006; Asongu and Nwachukwu 2017a) . With regard to the first paradigm on hegemony, globalization is a phenomenon that is hiding an agenda meant to establish a world order that would be driven by developed countries, multinational corporations, multilateral organizations and international financial institutions. The school posits that the fundamental premises of the hidden agenda are characterized by capital accumulation, enhanced cross-country market interactions and transactions as well as the exploitation of cheap sources of human resources (Petras and Veltmeyer 2001) . Moreover, there is increasing evidence that policies favouring openness in developing countries have fundamentally benefited richer elements of society to the detriment of their poorer counterparts. Building on this evidence, Petras and Veltmeyer (2001) envisage "a world-wide crisis of living standards for labor" owing to positions that "technological change and economic reconversion endemic to capitalist development has generated an enormous growing pool of surplus labor, an industrial reserve army with incomes at or below the level of subsistence" (p. 24).
The hegemonic school also maintains that the paradigm of globalization is characterized by production modes that substantially undervalue channels by which the fruits of economic prosperity are equitably distributed among the population. For instance, as argued by Asongu and Nwachukwu (2017a) , such an unequal mechanism for the distribution of fruits of productivity run counter to the tenets of Keynesian Social Democracy. Other positions supporting the narrative include: the role of globalization in disregarding inclusive development and promoting self-interest (Smart 2003; Tsai 2006) and the benefits of globalization weighing in favour of wealthier elements of society (Scholte 2000; Sirgy et al. 2004) .
From the prism of the neoliberal paradigm, globalization reflects a mechanism of "creative destruction" through which competition improves standards of living by means of enhanced cross-border trade, improvements in technology, efficient allocation of human resources and capital flows from developed countries experiencing lower marginal productivity of capital to developing countries characterized by higher marginal productivity of capital (Asongu 2014b) . According to the school, while globalization has obvious shortcomings such as job losses and drops in workers' wages, there is a mechanism of compensation because the unskilled are provided with opportunities of getting the relevant competitive and scarce skills needed in an ever-growing competitive process in the global labour market. This is consistent with Grennes (2003) who maintains that the rewards of openness in trade and capital are apparent in the labour market.
FDI and productivity
In accordance with the literature on external flows (Toone 2013; Gammoudi et al. 2016) , there are three fundamental theoretical insights supporting the nexuses between FDI and productivity, namely: the dependency theory, the classical theory and middle path theory.
First, the dependency theory is fundamentally motivated by the features of Marxism which understand globalization as the measure by which market capitalism is propagated across the globe. Such propagation entails the use of more advanced technologies in exchange for relatively cheap sources of labour. Consistent with proponents of this theory, economic development in host economies is negatively connected with foreign investment for three main justifications. (i) The benefits of foreign investment are not distributed equally between multinational companies and governments of domestic economies because for the most part, the benefits are skewed to the interest of multinational companies. In accordance with the perspective, local assets that are worthwhile in providing funds for economic development in host economies are absorbed by foreign investment features that make use of opportunities of economic development in developing countries as well as the repatriation of profits to tax havens and technically advanced countries (Jensen 2008) .
(ii) International corporations represent a source of domestic market distortions by among others: changing customers' tastes, undermining local culture, damaging wealth distribution and adopting capital-intensive technologies that may not be appropriate for domestic investment opportunities (Taylor and Thrift 2013) . (iii) Some future alliance among the elite and foreign investors can be tailored to serve the exclusive interests of parties in the alliance with limited focus on more lofty wellbeing agenda of society and equitable distribution of fruits from economic output. Jensen (2008) is consistent with this narrative in view of the fact that, since citizens are fundamentally excluded from the underlying alliances, significant political distortions end up characterizing the system.
The classical theory posits that FDI is an important source of domestic economic development because it is sustained by a plethora of channels, inter alia: capital transfers; improvements in balance of payments; utilization of ameliorated equipments and technology; employment avenues; FDI-driven export; foreign exchange earnings; integration of host economies into global markets and infrastructural development (Toone 2013; Gammoudi et al. 2016) . These theoretical insights are considerably documented in the literature pertaining to "spillovers": a phenomenon that is realized "when the entry or presence of multinational corporation increases productivity of domestic firms in the host country and the multinationals do not fully internalize the value of these benefits" (Javorcik 2004, p. 607) . Spillover origins which are many embody: usage of technology; working methods and insights into the management of skills that are likely to enhance productivity and output.
The "middle path" theory is a paradigm that reconciles the previous two theoretical insights fundamentally because while it cautions against the negative ramifications of foreign investment advanced by the dependency theory, it also acknowledges the benefits advanced by the classical theory in the previous paragraph (Gammoudi et al. 2016 ). This theory recommends openness policies to align with measures of government regulation in order to address the negative issues associated with full or complete openness of trade and capital accounts. These regulation policies can also be tailored such that FDI is channelled to targeted sectors of the economy as well as geographical locations that are characterized with some disadvantages that domestic governments are focused on addressing.
Building on the theoretical underpinnings discussed above, the study argues that trade openness can modulate FDI to induce positive effects on TFP productivity dynamics. The theoretical importance of trade as a policy instrument in moderating FDI for enhanced productivity is consistent with the insights disclosed by Hussien et al. (2012) . According to the authors, international trade is acknowledged as a crucial determinant of TFP because, inter alia, trade: eases the processes of adopting new technology (Holmes and Schmitz 1995) and enhances the reallocation of resources to more efficient corporations from their less efficient counterparts in order to enhance overall productivity and output (Melitz 2003) . The corresponding testable research hypothesis is the following.
Hypothesis 1 trade openness complements FDI for overall positive effects on TFP dynamics.
Whether this stated hypothesis withstands empirical scrutiny is the focus of the following sections.
Data and methodology
Data
The study uses data from 25 countries in SSA. 1 The period of study is from 1980 to 2014. The restriction to the number of countries and corresponding periodicity are motivated by constraints in TFP data at the time of the study. In order to align the data structure with the empirical strategy to be adopted by the research, the data are restructured in terms of non-overlapping intervals in order to ensure that the number of cross sections is superior to the number of annual observations in every cross section: such is a condition for the employment of the GMM empirical strategy. The study derives five 7-year and seven 5-year non-overlapping averages and after a preliminary investigation, it is apparent that the latter set of data averages leads to instrument proliferation and by extension unrobust estimated models, even when the option of collapsing instruments is taken on board. Hence, the five 7-year data averages that are retained for the study are: 1980-1986; 1987-1993; 1994-2000; 2001-2007; 2008-2014. 2 The main independent variable of interest which is foreign direct investment (FDI) comes from the United Nations Conference on Trade and Development (UNCTAD) FDI database. It is measured as FDI inflows as a percentage of Gross Domestic Product (GDP). The Penn World Table database is the source of the TFP dynamics, namely: TFP, real TFP, welfare TFP and real welfare TFP. In accordance with the motivational elements of this research articulated in the introduction, the main TFP is complemented with other dynamics in order to provide room for findings that are relevant to SDGs (Asongu 2020) . Therefore, the adopted TFP variables are consistent with both productivity and the welfare implications of such output.
The trade moderating variables which have been theoretically justified towards the end of Sect. 2.2, building on Hussien et al. (2012) , are exports and imports of commodities from World Development Indicators (WDI) of the World Bank. The adopted elements in the conditioning information set employed to control for variable omission bias are from the WDI and the Financial Development and Structure Database (FDSD) of the World Bank. While private domestic credit is from the FDSD, remittances, government expenditure and inclusive education are from the WDI of the World Bank. The selection of these conditioning indicators is informed by the attendant productivity and output scholarship (Becker et al. 1999; Barro 2003; Heady and Hodge 2009; Sahoo et al. 2010; Ssozi and Asongu 2016a; Tchamyou 2017) . With the exception of remittances that are anticipated to negatively influence the outcome variables, the remaining three indicators are expected to positively affect the engaged TFP dynamics. These expected signs are expanded in the following passages.
First, while remittances have been documented to positively influence output in Africa (Ssozi and Asongu 2016b; Asongu et al. 2019) , the effect is also contingent on the proportion of remittances allocated for consumption purposes. Hence, in scenarios where remittances are used more for consumption than for production, the expected positive effect should be taken with caution. Hence, a priori, the sign of the indicator cannot be determined with absolute certainty. However, it is expected to significantly affect the outcome variable. Second, the caution on the expected sign from remittances can also be extended to financial access and government expenditure which have also been documented to positively affect output and productivity (Asongu 2015; Nyasha and Odhiambo 2015a, b ). On the one hand, if government expenditure is tailored more for expenses that are designed to boost economic output, the expected sign should be positive. However, if such expenditure is clouded in corrupt practices and largely tailored towards unproductive investments, a negative sign can be expected. On the other, the allocation of credit to productive investments from intuition is likely to increase productivity while the corresponding productivity is anticipated to decrease if such credit is allocated for productive investments. Third, the importance of education in driving socio-economic progress has been substantially documented in the economic development literature (Petrakis and Stamatakis 2002; Asiedu 2014; Tchamyou 2020) . The definitions and sources of variables are provided in Appendix 1, the summary statistics is disclosed in Appendix 2 while the correlation matrix is provided in Appendix 3.
Methodology
Specification
Some insights into the choice of the GMM empirical strategy have already been provided in the data section, notably: the need to restructure the data in order to fulfil an elementary requirement for the adoption of the estimation approach. Accordingly, after restructuring the dataset in terms of five 7-year non-overlapping intervals, the N > T condition that is imperative for the choice of the empirical strategy is met. 3 Other justifications for the choice of the technique include: (i) persistence in the TFP dynamics in the light of the fact that their first difference and level series are correlated to a height that is higher than 0.800 which is the established threshold in contemporary GMM-oriented literature as the rule of thumb for the establishment of persistence in an outcome indicator Tchamyou et al. 2018; Tchamyou 2019; Efobi et al. 2019 ).
(ii) Cross-country variations are acknowledged in the estimation exercise because the data structure is panel-oriented. (iii) The issue of endogeneity that is imperative for a robust empirical analysis is taken on board from two main premises, notably: simultaneity or reverse causality is addressed by the adoption of internal instruments and the time invariant omitted indicators are also employed to take into account the unobserved heterogeneity.
The following equations in levels (1) and first difference (2) summarize the estimation procedure for the relevance of trade dynamics in modulating FDI to influence TFP:
where TFP i,t denotes total factor productivity dynamics (i.e. real TFP, TFP, real welfare TFP and welfare TFP) of country i in period t ; FDI represents foreign direct investment; T is a trade dynamic (i.e. imports and exports); Inter reflects the interaction between FDI and a trade dynamic; σ 0 is a constant;τ is the degree of auto-regression which is acknowledged as one in this research because a one period lag or 7-year non-overlapping interval is required to capture previous information; W entails the vector of control variables (government expenditure, education, remittances and private domestic credit), η i is the country-specific effect, ξ t is the time-specific constant and ε i,t the error term. Equations (1) and (2) are replicated for other TFP dynamics, notably: real TFP, welfare TFP and real welfare TFP. For the purpose of this research, the GMM empirical approach with forward orthogonal deviations is adopted. This GMM option which is an improved version of the Arellano and Bover (1995) approach by Roodman (2009) has been documented to provide estimated coefficients that are more efficient compared to less contemporary difference and system GMM approaches (Boateng et al. 2018; Tchamyou et al. 2019 ).
Identification, simultaneity and exclusion restrictions
For every GMM strategy, clarification on identification, simultaneity and exclusion restrictions are very fundamental for a tight specification. This research takes the specifics in turn. First, the identification framework entails the definitions of three categories of variables involved in the specification exercises, namely, the outcome variables, the predetermined or endogenous explaining variables and the strictly exogenous variables. Obviously, the outcome variables are dynamics of TFP. Building on contemporary GMM-oriented studies based on forward orthogonal deviations, the strictly exogenous variables are years while the endogenous explaining indicators are independent variables of interest (FDI and trade dynamics) and adopted control variables (Tchamyou and Asongu 2017; Meniago and Asongu 2018) . It is important to clarify that this approach to identification and exclusion restriction is broadly consistent with Roodman (2009) who has argued that years are feasible strictly exogenous variables because they cannot become endogenous after a first difference. It follows from these clarifications that the exclusion restriction assumption underpinning the identification process is based on the assumption that the identified strictly exogenous variables influence the outcome variable exclusively via the identified predetermined variables.
(1)
Second, the concerns about simultaneity corresponding to the issue of reverse causality are taken on board through instrumental variables that are forward differenced. The process entails the use of Helmert transformations to eliminate fixed impacts that are susceptible to biasing estimated coefficients owing to a correlation between the lagged outcome variable and fixed effects. This procedure to purging fixed effects is consistent with extant literature on the subject (Arellano and Bover 1995; Love and Zicchino 2006; Roodman 2009 ). These transformations permit orthogonal or parallel conditions between lagged and forward differenced observations. Third, the exclusion restriction assumption clarified in the first strand of this section can be assessed with the Difference in Hansen Test (DHT) within a GMM framework based on forward orthogonal deviations. The null hypothesis of the underlying test should not be rejected because it is the position that the identified strictly exogenous variables influence the TFP dynamics exclusively via the engaged predetermined variables. This criterion for validating exclusion restrictions is not very different from traditional instrumental variable (IV) approaches that are founded on the basis that the null hypothesis of the Sargan/Hansen test should not be rejected in order for the exclusion restriction assumption to hold (Beck et al. 2003; Amavilah et al. 2017 ).
Empirical results
Presentation of results
This section provides the empirical findings in Tables 1, 2, 3, 4. While Table 1 is concerned with linkages between TFP, FDI and trade, the focus of Table 2 is on real TFP growth, FDI and trade. In Table 3 , findings pertaining to linkages between welfare TFP, FDI and trade are disclosed while results on nexuses between welfare real TFP, FDI and trade are provided in Table 4 . Each table is characterized by sub-sections pertaining to import-and export-oriented specifications on the left-hand and right-hand side, respectively. Moreover, five main specifications feature in each sub-section: four with one conditioning information set and one without a conditioning information set.
It is worthwhile to emphasize that limiting of elements in the conditioning information set is a common practice in so far as the objective of doing so is to avoid instrument proliferation that potentially bias estimated GMM models. Hence, even when the option of collapsing instruments is taken on board, it is apparent that only one variable from the conditioning information set can be involved in each regression. For instance, examples of GMM-centric studies that have not engaged control variables with the objective of avoiding instrument proliferation are: Osabuohien and Efobi (2013) and Asongu and Nwachukwu (2017d) .
For every specification, the overall validity of models is informed by four criteria of information. 4 Based on these criteria, the estimated models are overwhelmingly valid with 
Trade exports (exports)
Real TFP growth (− 1) 0.712*** (0.000) 0.662*** (0.000) 0.670*** (0.000) 0.696*** (0.000) 0.764*** (0.000) 0.663*** (0.000) 0.494*** (0.000) 0.594*** (0.000) 0.484*** (0.000) 0.694*** (0.000) 
Welfare TFP (− 1) 0.766*** (0.000) 0.728*** (0.000) 0.821*** (0.000) 0.814*** (0.000) 0.779*** (0.000) 0.632*** (0.000) 0.689*** (0.000) 0.661*** (0.000) 0.693*** (0.000) 0.596*** (0.000) 
Welfare real TFP (− 1) 0.597*** (0.000) 0.524*** (0.000) 0.562*** (0.000) 0.617*** (0.000) 0.668*** (0.000) 0.589*** (0.000) 0.457*** (0.000) 0.568*** (0.000) 0.625*** (0.000) 0.611*** (0.000) Asongu et al. Economic Structures (2020) 9:5 ***,**,* Significance levels at 1%, 5% and 10%, respectively. DHT Difference in Hansen Test for Exogeneity of Instruments Subsets, Dif Difference, OIR over-identifying restrictions test. The significance of italic values is twofold.
(1) The significance of estimated coefficients and the Fisher statistics.
(2) The failure to reject the null hypotheses of: (a) no autocorrelation in the AR(1) and AR(2) tests and; (b) the validity of the instruments in the Sargan and Hansen OIR tests. Gov't Government, na not applicable because at least one estimated coefficient required for the computation of net effects is not significant. The mean value of imports is 40.422 while the mean value of exports is 28.459. Constants are included in all regressions a few exceptions where the null hypotheses are rejected in the: (i) Hansen and (ii) secondorder Arellano and Bond autocorrelation in difference tests. Hence, for these invalid models, net effects are not computed to assess the testable hypothesis motivating this study. In the light of the above, following contemporary studies founded on interactive regressions (Tchamyou and Asongu 2017; Agoba et al. 2020) , the hypothesis motivating this study is assessed by computing net effects from the unconditional effect of FDI and the conditional or interactive effects between FDI and trade dynamics. To put this computation into more perspective, in the second column of Table 1 , the net effect on TFP from the relevance of imports in modulating the role of FDI on TFP is 0.003 ([40.4 22 × − 0.0003] + [0.016]). In the computation, the average value of imports is 40.422; the unconditional impact of FDI on TFP is 0.016, whereas the conditional effect pertaining to the interaction between exports and FDI is -0.0003.
The following results are apparent from Tables 1, 2, 3, 4. First, trade imports modulate FDI to overwhelmingly induce positive net effects on TFP, real TFP growth, welfare TFP and real welfare TFP. Second, with exceptions on TFP and welfare TFP where net effects are both positive and negative, trade exports modulate FDI to overwhelmingly induce positive net effects on real TFP growth, welfare real TFP. In summary, the tested hypothesis is valid for the most part. Third, most of the significant control variables reflect the expected signs.
Further discussion of results
While it is relevant to discuss the confirmed simultaneous openness hypothesis in the light of extant literature, it is also worthwhile to note that the Rajan and Zingales (2003) hypothesis pertaining to simultaneous openness has largely been investigated within the context of financial development. Hence, as clarified in the introduction, this study has departed from the extant literature by investigating the attendant hypothesis within the context of productivity. Hence, the discussion of results in the light of prior literature on the simultaneously openness hypothesis would largely compare the findings of this study with those established in the financial development literature. Let us recall that, according to Rajan and Zingales (2003) , concurrent opening of trade and capital accounts will lead to greater financial development in a domestic economy and by extension, productivity in a domestic economy as framed in this study. Two strands of the literature are worth comparing with the established findings, notably: a strand that has confirmed the hypothesis and another strand that has not confirmed the hypothesis.
On the strand that has confirmed the hypothesis; the findings of this study are broadly consistent with Sakyi and Egyir (2017) who have confirmed the hypothesis within the context of economic growth in 45 African countries during the period 1990-2014 using the GMM estimation technique. In this same strand, Onanuga (2016) confirms the simultaneous opening of finance and trade accounts for financial development in Nigeria using the GMM estimation strategy while Law (2017) establishes using dynamic heterogeneous panel data (from 68 countries for the period 1980-2001) that, openness in terms of capital and trade are most potent in driving financial development in middle-income nations, compared to high-income and low-income countries where the influence is relatively small.
With respect to the strand of studies that has not confirmed the underlying hypothesis, Ajayi and Aluko (2019) use data from 1990 to 2015 and an instrumental variable estimation approach to establish that simultaneous increases in financial and trade openness restrict stock market and banking sector developments in Nigeria. Baltagi et al. (2009) provide only partial support for the hypothesis by finding that opening either trade accounts or capital accounts (i.e. opening one without the other) can still improve financial sector development. Using GMM estimators on data from 1996 to 2013 in 53 developing and developed countries, Abdallah (2016) does not find support to the simultaneous openness hypothesis. Al-Fayoumi and Abuzayed (2014) have also not confirmed the hypothesis in 12 Arab countries from 1985 to 2011 using the GMM, fixed effects and random effects estimation strategies. Hauner et al. (2013) also find little support for the underlying hypothesis using de jure measures of openness and financial development. Karimu and Marbuah (2017) focus on 44 developing economies and use a nonparametric modelling approach to confirm that both openness dimensions positively affect financial development and consequently, provide loose support for the simultaneous openness hypothesis.
It is worth noting that the conclusions on evidences or not of the simultaneous opening hypothesis from the extant literature are based on interactive effects, while the conclusions of this study are based on net effects. It follows that findings of the studies used to compare our findings are characterized by some pitfalls in interactive regressions documented in Brambor et al. (2006) and contemporary literature (Asongu and Odhiambo 2020a, b) . Accordingly, in interactive regressions, the overall effect should be based on both the conditional (or interactive effect) and the unconditional effect.
Concluding implications and future research directions
This study assesses the simultaneous openness hypothesis that trade modulates foreign direct investment (FDI) to induce positive net effects on total factor productivity (TFP) dynamics. Twenty-five countries in Sub-Saharan Africa and data for the period 1980 to 2014 are used. The empirical evidence is based on the Generalized Method of Moments. First, trade imports modulate FDI to overwhelmingly induce positive net effects on TFP, real TFP growth, welfare TFP and real welfare TFP. Second, with exceptions on TFP and welfare TFP where net effects are both positive and negative, trade exports modulate FDI to overwhelmingly induce positive net effects on real TFP growth and welfare real TFP. In summary, the tested hypothesis is valid for the most part.
In the light of the above, the tested hypothesis is overwhelmingly valid because the positive net effects substantially outweigh the negative net effects. Evidence of positive and negative net effects is not also surprising given the conflicting theoretical underpinnings engaged in Sect. 2. The negative net effects can also be elicited from several perspectives. FDI may not engender positive ramifications on TFP if multinational companies operate within sectors that are not competitive or when FDI is implemented within a context whereby it dampens domestic investment and savings. Hence, FDI can also enclave investment, reduce external balances owing to substantial repatriation of profits. It is also important to emphasize that in scenarios where FDI is not tailored to international trade, but for domestic consumption, limited exports can adversely affect the current account balance and by extension foreign reserves. In summary, the fact that the overall effects on the outcome variable are contingent on adopted elements in the conditioning information set is also evidence of the fact that initial macroeconomic conditions are necessary in order to leverage on overall positive effects. Moreover, some initial conditions are more favourable for the anticipated positive net effects than others. In what follows, some implications pertaining to the validity of the tested hypothesis are engaged.
Overall, it is worthwhile to emphasize that the findings are relevant to the sampled countries in SSA because a trade-driven FDI-TFP nexus is likely to bring in foreign exchange earnings, improve economic performance and encourage the establishment and/or consolidation of new/competitive productivity capacities. The net effects can be further improved if the established nexuses are tailored in the light of the following.
First, the established findings should be fundamentally articulated along the imperative of fostering export-oriented FDI given that the suggested approach has the advantage of attracting investments that contribute both to the consolidation of foreign exchange and domestic employment opportunities. The approach should also be contingent on comparative competitiveness of the countries, strategic niches of production, targeted locations and the relevance of productivity that is aligned with global value chains.
Second, the positive net effects on welfare-focused TFP dynamics is evidence of the relevance of the findings in the post-2015 development agenda in which, societal welfare is fundamental in driving sustainable development. Hence, FDI policies should also be constructively aligned to the degree by which the targeted productivity can boost socioeconomic and inclusive development objectives of sampled countries. Therefore, the FDI approaches should be tailored to promote, the rights of workers, working conditions and skills upgrading.
Third, in order to boost domestic economic development in other sectors and improve values chains, foreign investors should be encouraged to foster nexuses with local firms and suppliers. Moreover, the linkages should promote knowledge transfer, technology catch-up and skills diffusion between domestic firms and multinational companies. Other worthwhile endeavours that should be prioritized in the connection between multinational companies and local firms include: collaborative training, participation in joint programmes for human capital improvement and encouragement of foreign partners to contribute towards the construction of local capacities.
Fourth, the imperative of fostering and consolidating export-related FDI is contingent on the nation's capacity to build domestic resources. Accordingly, as established by Hassan (2005) , countries that have been most successful in driving-up exports have adopted a two-pronged strategy: improvement of domestic capabilities and foreign resources targeting. The approach entails, inter alia: the institution of specialized agencies that promote the targeting of FDI in accordance with industrial strategies and broader development objectives of a nation; upgrading of human resources and system of training workers; building of relevant industrial infrastructure that is of world premier standard; establishment of funds promoting capital investment and support for domestic corporations.
Fifth, in summary, in order to improve overall productivity as well as welfare implications of the underlying productivity, countries also need to be aware of issues that can substantially jeopardize the development prospects of SSA nations. Such issues include a good understanding of tendencies in comparative advantages such that domestic policies are designed to avoid foreign investments that are weapons of dumping and unfair competition. In essence, the degree by which nations can benefit from new avenues brought about by systems of international production is contingent on the their idiosyncratic actions, which entail: the consolidation of institutional frameworks, promotion of investment opportunities that are export-oriented and building of networks for skills and technology transfer between multinational companies and local firms.
The findings obviously leave room for future research particularly, within the framework of understanding how the formation of industrial clusters can be consolidated by trade openness in efforts to form three types of FDI-driven clusters. These are: (i) targeted business and investment promotion; (ii) institutions building and (iii) training of human resources. Asongu et al. Economic Structures (2020) 9:5 Appendices Appendix 1
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